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Question I. 


A white powder, suspected to be an illicit compound, was subjected to a selection of presumptive 
colour tests by a forensic chemist in order to assist in the identification of the drug. The tests 
conducted and their outcomes are given below. 


TEST COLOUR 
Scott test (cobalt isothiocyanate test) 


Marquis test Orange/brown 


a. The outcome of the Marquis test suggests that the compound could be one of two controlled 
substances. What are they? 


b. The Simons test differentiates between these two compounds. Based on the result given for 
this test, what would you suspect the compound 1s? 


c. Describe fully how the marquis test is conducted? Include reagents used and all procedures in 
your answer. 


d. Following the presumptive tests, TLC vs standards, GC analysis and an immunoassay were 
performed. Would these tests be sufficient to provide a definitive identification? Explain your 


answer and if you answered no, suggest any additional analysis that could be used. 
(10 marks) 


Question 2. 


Cocaine is a stimulant drug extracted from the coca leaf commonly encountered in the HCI salt form 
or as the freebase “crack” form 


a. Explain and rationalize each step in the process described below by which cocaine 1s 


extracted from coca leaves. The structure of cocaine is provided. 


1. Crush | d add id \ brs 
. Crush leaves and add aqueous aci / 

2. Filter H3C —N O 

3. Add organic solvent and shake O 

4. Discard organic layer 

5. Add base to aqueous layer O 

6. Filter 


Optional step 
7. Dissolve in organic solvent and bubble HCl gas through solution 
8. Filter 


b. Lidocaine and caffeine are cutting agents commonly found in samples of cocaine. 
i. Are these diluents or adulterants? Explain your answer. 


it. | What properties of these compounds make them popular cutting agents for 


cocaine? 
(10 marks) 
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Question 3. 
A 67 kg girl is admitted to hospital having ingested 2.77 g of GHB. Given the data below 
answer the following questions: 
What was the Peak plasma concentration (in mg L')? 
b. Calculate the elimination rate constant. 
c. Calculate the length of time between the blood test and ingestion of the drug (in 


minutes). 


Show your working 

Volume of Distribution = 0.58 L kg’ 

Bioavailability = 65% 

ti. = 30 mins 

Cp is reached 20 minutes after ingestion 

Plasma Concentration at time of blood test = 6.8 mg L’! 
ager ye InC, =InC, - Kt 


(5 marks) 


Question 4. 
Immunoassays can be used in the identification of both drugs and explosives. 
a. Explain with the use of annotated diagrams how a radio immunoassay works. 
b. Draw a graph to show the relationship between analyte (drug or explosive) concentration and 
radioactivity. 


(6 marks) 


Question 5. 


a. A propane cylinder is stored in a basement room 2 x 3.1 x 4.8 m. A leak begins and propane 
is released into the room at rate of 185 g per hour. If the pressure in the room is | atmosphere 
and the temperature is 25 °C, will the fuel:air mixture be rich or lean after 3 hours? Show 
your working. 


b. Explain, using the combustion of methane as an example, how and why the temperature of a 
flame varies with fuel:air ratio and why it is hottest at a stoichiometric ratio. 


DATA 
R=0.0821 L atm mol! K" Average molar mass of air = 28.85 g mol’ 
(13 marks) 
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Question 6. 
The investigator at the scene of a suspected arson case sends a bag of evidence to the forensic lab. 
The bag contains three plastic shopping bags knotted securely at the neck. One contains 2 carpet 
samples labeled control and sample 1. The second contains the property owner’s shirt and the third 
contains an empty turps bottle found in his possession. 
a. List and explain the errors that have been made in the handling of this evidence, how would 
you have handled it differently? 
b. Briefly explain the sampling, extraction, and instrumental methods would you use to analyse 
the evidence for traces of accelerants. 
c. The presence of accelerant suggests that a fire may have been set deliberately, list 4 


additional signs of arson that an investigator would look for. 


(12 marks) 
Question 7. 
Ion mobility spectrometry 1s often used in airports to screen luggage for explosives. Explain how an ion 
mobility spectrometer works. Why is dichloromethane often added to the samples? 

(4 marks) 

Question 8. 
As part of an investigation into the forgery of a 5-page, hand-written will, TLC and MALDI-MS 
were used to compare ink extracted from the document (sample, S|) with ink extracted from pens 
found in the offices of three suspects: P; (Uniball PowerTank), P2 (Staedtler Stick 430) and P3 (BIC 
Cristal Medium). 


Solvent front — 


Loading point —> 


Question 8 continues on next page 
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a. With reference to Ry indicate if tentative identification of the ink is possible from the TLC. 
b. In the TLC above, R- of each component in the sample will depend highly on the 


experimental parameters. Describe how the following factors affect Re. 
1. Mobile phase 
il. “Dryness” of the loaded sample 


c. After initial TLC analysis, MALDI-MS was used to definitively identify individual 
components in each TLC spot. With reference to the mass spectrum A below, is this spot 
more likely to be methyl violet 10B (C25H30N3) or ethyl violet (C3;H4a2N3)? Justify your 


answer. 


d. When the will was discovered, the first page showed significant fading where it has been left 
in the sun. MALDI-MS was used to compare ink extracted from the last, unfaded page (A) 
with the first, faded page (B). Explain why the ink left in the sun has significantly more peaks 


in its mass spectrum. 


372.24 : 358.13 
372.15 
344.13 


330.08 


a. U. 


316.06 


| 
=| | \ | 
Es . af wis EE ———— 


= = = = 
280 300 320 340 360 380 400 420 440 460 480 280 300 320 340 360 380 400 420 440 460 480 
miz m/z 


unfaded ink sample faded ink sample 


from J Am Soc Mass Spectrom 2006, 17, 297-306 


(20 marks) 


Question 9. 


a. For each the methods of fingerprint analysis 1-1v listed below, briefly describe the chemical 
and/or physical properties that control the analysis. 

b. Give one major advantage and one major disadvantage for one of the analysis methods listed 
below. 


1. Ninhydrin + zinc salt 
iil. Diazafluorenone 
iu. | Cyanoacrylate fuming 
iv. Vacuum metal deposition 
(10 marks) 
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Question 10. 


How can microspectrophotometry be used to analyse fibre and paint samples collected from a crime 
scene? 
(10 marks) 


Please remember - This examination paper MUST BE HANDED IN. Failure to do so may result in 


the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been returned. 
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THE PERIODIC TABLE 


H 
1 2 1.008 13/1 
3 4 5 
2! Li | Be B 
6.941 | 9.012 10.81 
13 
3 ; Al 
3 4 5 6 7 8 9 10 11 12 | 26.98 
19 {| 20 | 21 | 22 | 23 f 26 [ 25 [ 26 | 27 { 28 | 29 | 30 1 31 
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7| Fr t Ra Ly | Ung | Unp |Unh | Uns | Uno | Une}...... 
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